Abstract Duck meat is less utilized than other meats in processed products because of limitations of its functional properties, including lower water holding capacity, emulsion stability, and higher cooking loss compared with chicken meat. These limitations could be improved using surimi technology, which consists of washing and concentrating myofibrillar protein. In this study, surimi-like materials were made from duck meat using two or three washings with different solutions (tap water, sodium chloride, sodium bicarbonate, and sodium phosphate buffer). Better improvement of the meat's functional properties was obtained with three washings versus two washings. Washing with tap water achieved the highest gel strength; moderate elevation of water holding capacity, pH, lightness, and whiteness; and left a small amount of fat. Washing with sodium bicarbonate solution generated the highest water holding capacity and pH and high lightness and whiteness values, but it resulted in the lowest gel strength. Processing duck meat into surimi-like material improves its functional properties, thereby making it possible to use duck meat in processed products.
Introduction
Duck meat production has increased in last two decades and currently is the third most widely produced poultry meat after chicken and turkey (Chein Tai and Jui-Jane Liu Tai 2001; FAOSTAT 2009 ). However, because of its functional properties, duck meat is less utilized in processed meat products compared to chicken and turkey meat Ramadhan et al. 2010) . Bhattacharyya et al. (2007) reported that sausages made from duck meat had lower cooking yield and emulsion stability compared to those made from chicken. Biswas et al. (2006) found that patties made from duck meat had lower emulsion stability and cooking yield compared with chicken patties, and Ali et al. (2007) reported that duck meat had higher cooking loss, darker color, and a more rapid decline of shear force during storage compared to chicken meat. Huda et al. (2010) reported that duck sausage had low functional properties and lower sensory evaluation scores for texture and overall acceptability compared to chicken sausage. Thus, the functional properties of this abundant source of meat need to be improved so that it can be used in processed meat products.
Mechanical deboning is commonly used to acquire meat from poultry carcasses (Ozkececi et al. 2008 ). This mechanically deboned meat then can be used as raw material for processed meat products. However, it suffers from a short shelf life, susceptibility to oxidation, dark color, and low functional properties due to the mechanical stress that occurs during processing; it also contains fat, connective tissue, and bone marrow (Stangierski and Kijowski 2000; Souza et al. 2009 ). Surimi processing, which involves washing and concentrating myofibrillar protein, is one method of addressing these problems. The washing process removes undesired components such as blood, fat, sarcoplasmic proteins, and pigments, thereby allowing concentration of myofibrillar proteins (Piyadhammaviboon and Yongsawatdigul 2010; Montero et al. 1999; Karayannakidis et al. 2008) . Surimi processing successfully changes low value fish flesh into meat with higher functional, textural, and color properties, which then can be processed further into various products. When the process is used on meats other than fish, the product is known as surimi-like material or washed meat . Surimi-like material made from mechanically deboned poultry meat has been shown to have improved functional properties (Froning and McKee 2001; Smyth and O'Neill 1997; Stangierski et al. 2007) .
Previous studies have reported that tap water, sodium chloride (NaCl), sodium bicarbonate (NaHCO 3 ), and sodium phosphate buffer are useful washing solutions for surimi-like material processing. However, each solution affects surimi-like material properties differently e.g. difference on whiteness and WHC enhancement (Ensoy et al. 2004; Ismail et al. 2010; Smyth and O'Neill 1997; Yang and Froning 1992) . Moreover, limited information is available about surimi-like material from duck meat. Thus, this study was conducted to examine the effects of 1) number of washings and 2) washing with different solutions on the functional properties of mechanically deboned broiler duck meat from Pekin ducks.
Materials and methods

Materials
Carcasses of 8 weeks-old broilers from Pekin ducks were mechanically deboned at a commercial processing plant (Fika Food Corporation Sdn. Bhd., Penang, Malaysia) using a deboning machine with a pore size of 0.9 mm (Meat Maker Deboner, Prince Industries Inc., Murrayville, Georgia, USA). The meat was stored in frozen meat block form. The washing solutions used were 1) tap water, 2) 0.1 M NaCl, 3) 0.5% NaHCO 3 , and 4) 0.04 M sodium phosphate buffer (pH 7.0).
Preparation of washed meat
Meat blocks were cut into smaller sizes and ground using a meat grinder. The ratio of meat to solution used was 1:3 on weight basis. A portion then was mixed with three portions of a cold solution (below 5°C) using a universal mixer for 5 min. The mixture was centrifuged at 4000 rpm for 15 min at <4°C using a Union 5KR centrifuge (Hanil Science Industrial, Co., Ltd., Incheon, Korea). The upper layer of fat and aqueous supernatant was discarded from the meat concentrate. For each solution, the washing process was conducted twice and three times so that the effect of number of washings on functional properties could be compared.
Cooked gel preparation
Washed (or unwashed) minces were combined with 3% salt and mixed using a cutter mixer (Blixer®, Robot Coupe USA, Inc., Jackson, Mississippi, USA) for 1 min until the mixture resembled a meat batter. The batter was stuffed into plastic casing cylinders (diameter 2 cm, height 15 cm). Stuffed batters were incubated in a water bath at 36°C for 30 min and then at 90°C for 10 min. They then were immediately placed in ice to obtain a core temperature of <10°C.
Chemical composition analysis and yields Moisture, protein, and fat contents were analyzed according to AOAC methods (AOAC 2000) . Moisture was determined using the air oven drying method at 110°C for 24 h. Protein content was evaluated using the Kjeldahl method, and fat content was measured using the Soxhlet method. Yield was determined through calculating the weight of washed meat (WM) and comparing to the weight of unwashed meat (UM The load cell capacity of the texture analyzer was 5 kg and the return distance was 35 mm. Gel strength (g mm) was the result of multiplying breaking force (g) with deformation (mm).
Myoglobin content
Myoglobin content was analyzed using the method described by Jin et al. (2007a) with slight modification. Two grams of sample were homogenized with 20 ml of 0.04 M sodium phosphate buffer (pH 6.8) at 13,500 rpm for 20 s. Next, 10 g of homogenate were placed in a centrifugation tube and centrifuged at 4000 g for 30 min. The supernatant was filtered with Whatman No.1 filter paper, and 0.2 ml of 1% (w/v) sodium dithionite were added to the filtrate. Myoglobin content was measured using a spectrophotometer (UV 160, Shimadzu, Co., Kyoto, Japan) at 555 nm with millimolar extinction coefficient of 7.6 and a molecular weight of 16,111.
Color analysis
Color properties [L* (lightness), a* (redness), and b* (yellowness)] of the cooked surimi gels were measured using a Minolta CM-3500d spectrophotometer (Konica Minolta Sensing Americas, Inc. New Jersey, USA). Whiteness was calculated using the following formula (Park
Protein solubility
Protein solubility was determined using method of Venugopal et al. (1996) . One gram of meat was added to 40 ml 3% NaCl solution. A Stuart SA7 vortex mixer (Bibby Scientific Limited, Staffordshire, UK) was used for 2 min to homogenize the samples. Aliquots were centrifuged at speed 6280 g for 5 min using Heraeus Multifuge X1R centrifuge (Thermo Electron LED GmbH, Langenselbold, Germany Texture profile analysis
The texture profile, which included hardness, chewiness, cohesiveness, and springiness, was measured using a TAHDi (Stable Micro Systems, Ltd., Surrey, UK). Cooked surimi gels were tempered at 20°C prior to measurement and then cut into 3 cm thick pieces. A piece of gel was placed horizontally on the platform, and then the gel was compressed with a P75 probe at a constant 1 mm/sec speed rate. The trigger force used was 10 g, with 3 mm/sec of pretest speed post-test speed. The load cell capacity of the texture analyzer was 25 kg and the return distance was 35 mm. Hardness, springiness, and cohesiveness were calculated from force-distance curve generated for each sample. Hardness refers to the highest peak force obtained on first compression. Cohesiveness is defined as the ratio of positive force area on the curve during second pressing to that of the first pressing. Chewiness is calculated as the product of gumminess and springiness. Gumminess is a product of hardness and cohesiveness. Springiness refers to the recovery of the food's height between the end of first compression cycle and the start of second cycle (Deshpande 2001; Hayes et al. 2005 ).
Scanning Electron Microscopy
Method for Scanning Electron Microscopy (SEM) referred to the works of Nurkhoeriyati et al. (2011) . Microstructure of the cooked gels was evaluated using electron microscopy (LEO Supra 50 VP Field Emission SEM Carl-Ziess SMT, Oberkochen, Germany). Cooked gels were cut 5 mm thick and freeze-dried (Labconco Co., Kansas City, Mo., U.S.A.). The dried samples were mounted on a bronzes tub and sputter-coated with gold. The specimens were scanned using variable pressure secondary electron (VPSE) signal.
Statistical analysis
There were eight different treatment combinations of surimi-like materials (two and three washings using four solutions) and one unwashed meat as control. 
Results and discussion
Chemical composition, yield, fat removal, and protein recovery Table 1 shows the chemical compositions of unwashed and washed meat. The number of washings had a significant effect on the increase of moisture content and on the reduction of fat content. The moisture content increased significantly from 65.0% (P<0.05) for unwashed minces to 69.3-74.1% after the second washing and to 76.2-79.7% after the third washing. Increasing moisture content with increased number of washed also was found in a previous study of surimi-like material made from spent hen meat. Uddin et al. (2006) reported that surimi may contain a moisture content ranging from 73 to 80% and that 78% moisture content is the most preferable. Fat is considered to be an undesirable component in surimi. In this study, the fat content decreased from 22.8% for unwashed minces to 10.6-13.7% after the second wash and to 5.8-8.5% after the third wash. Thus, the second and third washing resulted in 39.7-53.5% and 62.6-74.5% fat removal, respectively. Fat removal in this study was not as low as that for chicken surimi reported previously i.e. 1-3% fat content (Ensoy et al. 2004; Jin et al. 2007a ). Relative to chicken, duck meat has a higher fat content, and it is rich with intramuscular fat and pigments, likely similar to red meat (Baéza 2006) . Moreover, the grinding method used can affect fat content. Liang and Hultin (2003) reported that surimi-like material made from finely ground mechanically deboned meat had a higher fat content than coarsely ground mechanically deboned meat.
Concentration of myofibrillar proteins means that other proteins may be eliminated. In this study, protein content was rather constant: 11.3% for unwashed meat; 11.0-11.2% after the second wash; and decreased significantly to 8.0-9.5% (P<0.05) after the third wash. Most of the proteins eliminated during surimi processing are sarcoplasmic proteins, which are water soluble and considered to be undesirable components; other eliminated proteins include the heme pigments and blood (Baxter and Skonberg 2008) .
On meat yields percentage, these washing processes yielded a small amount of meat i.e. 33.1-42.4% after the second washing, which is similar to results for surimi-like material made from mutton washed four times (McCormick et al. 1993) . Nonetheless, the third wash resulted in a lower yield of meat (~23.2-26.2%). Tap water resulted in higher yield by removing the fat and retaining the salt soluble protein, whereas the NaHCO 3 had a close value of yield due to retaining more fat compared to tap water. NaCl and sodium phosphate buffer resulted in lower yield due to the loss of fat and some salt soluble proteins which are considered as solid components.
Fat removal after second wash ranged from 39.6-53.5%. During washing, the stirring of mixer in meat slurry gave some forces to separate the fats from the meat. Centrifugation in further step made obvious separation of fat from water and meat by the gap of molecular weight. Third washing removed the fats until 62.5-78.6%. This result is comparable to chicken broiler and spent hen surimi reported by Nowsad et al (Nowsad et al. 2000) .
The recovered protein after third washing ranged from 71.1 to 84.2%. This result is much higher than spent duck surimi with acid-alkaline solubilization which recovered only 26.4-34.3% protein (Nurkhoeriyati et al. 2011) . Two times washing by all solutions are not significantly different on the protein recovery. Tap water and NaCl resulted in highest protein recovery after third washing which is above 80%. NaHCO3 had the lowest protein recovery, about 70%. The lower protein recovery is might be due to the loss of some amount of salt soluble proteins together with the water soluble proteins and wash water during dewatering process. These results are higher compared to surimi-like material from mechanically deboned chicken meat done by Yang and Froning (Yang and Froning 1992) , which had 51.2-58.8% protein recovery.
pH and WHC Table 2 lists pH and WHC values of unwashed and washed meat. Unwashed duck meat had a pH of 6.5, which agrees with Kang et al. (2009) who stated that the pH of deboned meat typically is about 6.5. Each washing cycle significantly increased pH. Among the solutions, washing with tap water achieved the lowest pH gain, whereas washing with NaHCO 3 resulted in the greatest gain (from 6.5 to 8.3 after the second wash and 8.4 after the third wash). This gain was due to the high pH of the NaHCO 3 solution used. These results agreed with those of a previous description of chicken surimi processing (Nowsad et al. 2000; Yang and Froning 1992) . The unwashed duck meat initially contained lactic acid as the result of post-rigor anaerobic glycolysis, which caused its low pH value. The washing processes reduced lactic acid and affected the incremental gain in pH (Jin et al. 2007b ). The pH of meat influences its WHC. The results of this study revealed a positive significant correlation between pH and WHC (R 2 =0.802) at the 0.01 level. The acidic condition of the post-rigor meat brought actin (thin filaments) and myosin (thick filaments) near their isoelectric point, thus minimizing the space between filaments and minimizing the amount of free water that could be retained (Alvarado and McKee 2007) .
The washing process also affected WHC significantly. Each washing solution increased the WHC to varying degrees. Washing with tap water had the smallest effect on WHC, and no significant increase occurred between the second and third washing. Washing with NaCl had a greater effect than tap water, resulting in WHC values 4.9 and 5.96 g water/g protein after the second and third washing, respectively. Washing with sodium phosphate buffer resulted in 5.8 g water/g protein after the second wash, and this value increased significantly to 8.1 g water/g protein after the third wash. Washing with NaHCO 3 resulted in the highest increases in WHC: 8.6 and 12.5 g water/g protein after the second and third wash, respectively. The data show that WHC increased along with pH after each successive washing cycle. Bertram et al. (2008) mentioned NaCl and phosphate were traditionally used as active water binding compounds. Toldrá explained (2003) chloride ions bind to the protein and exert repulsion force between filaments causing swelling on meat protein structure. Laack et al. (1998) reported that NaHCO 3 is an effective ingredient for improving the WHC of meat. The increase in WHC observed herein is due partially to protein solubilization caused by the interaction between compounds in the washing solutions and meat proteins, which promotes the swelling of myofibrils (Bertram et al. 2008) . Water holding properties of meat can be affected by any substance that influences spacing between actin and myosin or the ability of protein to bind exogenous water (Alvarado and McKee 2007) . In this study, WHC was positively correlated with moisture content (R 2 =0.575) and negatively correlated with fat (R 2 =−0.579) and protein (R 2 =−0.717) content (significant at the 0.01 level).
Breaking force and gel strength
Breaking force and gel strength data are shown in Table 2 . According to Hossain et al. (2011) and Dondero et al. (2002) , when surimi is solubilized with salt and kept at around 35-40°C during setting, it forms an elastic gel. Further heating at >80°C forms a cooked gel of greater strength than one formed without setting. In this study, unwashed meat had very low gel strength and breaking force. When compared with fish surimi as reported by Chiang et al. (2005) breaking force of unwashed duck meat is very low. In contrast, washing processes increased breaking force and gel strength significantly. Washing with tap water achieved the greatest improvement in breaking force and gel strength among the solutions tested: 574.2 g and 6246.6 gmm after the second wash and 945.6 g and 9477.7 gmm after the third wash, respectively. Sodium chloride increased breaking force and gel strength into 508.2 g and 5299.5 gmm after second washing, and 615 g and 5998.8 gmm after third washing. Significant differences in gel strength and breaking force were not detected between the second and third washing with NaHCO 3 and sodium phosphate buffer. Furthermore, washing with NaHCO 3 resulted in the lowest breaking force and gel strength among the solutions tested. These duck surimi-like materials washed using tap water, NaCl, and phosphate buffer resulted in higher breaking force compared with fish surimi which had breaking force around 300 g (Chiang et al. 2005) .
Gel strength was positively correlated with moisture content (R 2 =0.657; significant at the 0.01 level) and negatively correlated with fat content (R 2 =−0.675; significant at the 0.01 level) and protein content (R 2 =−0.460; significant at the 0.05 level). Breaking force was positively correlated with moisture content (R 2 =0.535; significant at the 0.05 level) and negatively correlated with fat content (R 2 =−0.585; significant at the 0.05 level). Washing with NaHCO 3 solution both tenderized meat and caused swelling of myofibrils, which is closely related to elevation of WHC and pH (Sheard and Tali 2004) . Klinhom et al. (2009) reported a decrease in the shear force in bovine rumen viscera injected with NaHCO 3 solution. Protein content also affects breaking force, in that higher protein concentration results in higher breaking force (Luo et al. 2006) . Surimi-like material made by washing duck meat three times with tap water contained the highest protein content, whereas the meat washed three times with NaHCO 3 contained the least.
Myoglobin content, lightness, and whiteness Table 3 lists the myoglobin content and lightness and whiteness values of unwashed and washed meat. The myoglobin content of unwashed meat was 8.2 mg/gram, which is much higher than that of chicken thigh meat i.e. < 6 mg/gram (Kranen et al. 1999) . Myoglobin concentration of meat varies extensively in every animal species and depends on muscle fiber type, exercise, sex, and diet. For example, poultry leg muscle contains more myoglobin than breast muscle (Vallejo-Cordoba et al. 2010) . In this study, the second wash removed extensive amounts of myoglobin, leaving 2.9 mg/gram when washed with tap water and 1.0-1.1 mg/gram when washed with the other solutions. The third wash decreased the myoglobin content slightly to 2.4 mg/gram for tap water and 0.56-0.77 mg/gram for the other solutions.
Because myoglobin is a sarcoplasmic protein, it is soluble in water and thus much of it is extracted during the washing process (Piyadhammaviboon and Yongsawatdigul 2010) . Tap water removed less myoglobin than the saltcontaining solutions (NaCl, NaHCO 3 , and sodium phosphate buffer). Salt compounds in washing solutions may weaken and break the bonds between muscle and myoglobin, thereby releasing more myoglobin, which then is solubilized in water and removed through washing (Chaijan et al. 2004) .
Myoglobin content was negatively correlated with pH (R 2 = −0.677), lightness (R 2 = −0.839), and whiteness (R 2 =−0.863), all three of these were significant at the 0.01 level. The loss of myoglobin during washing resulted in Data are mean ± SD of triplicate determinations of duplicate samples. Different superscript letter in the same column indicate significant differences among samples brighter colored surimi; lightness and whiteness are particularly important quality attributes of surimi (Jin et al. 2007a ). More washing cycles have been shown to produce surimi with a greater whiteness value (Jin et al. 2009 ). Washing with NaCl, NaHCO 3 , and sodium phosphate buffer resulted in greater improvement in lightness and whiteness compared to washing with tap water. This result agrees with that of a previous description of chicken surimi (Yang and Froning 1992) . Higher improvements of color properties were achieved by other washing solutions. Second washing with NaCl resulted in 24% higher in lightness and 17% in whiteness. NaHCO 3 and sodium phosphate buffer brought the greatest improvement in color properties that reached more than 40% in lightness and 30% in whiteness. These results agreed with that of a previous description of chicken surimi (Ensoy et al. 2004 ).
Protein solubility
Protein solubility in 3% NaCl solution of unwashed and washed meat is shown in Table 3 . There is no significant difference in protein solubility between unwashed meat and second-washed meat which were ranging from 38.8-40.3%. On the other side, three times washing successfully increased the protein solubility significantly i.e. 59.1, 59.7, 52.4, and 51.8 for washed meat using tap water, NaCl, NaHCO 3 , and sodium phosphate respectively.
Increase in protein solubility in 3% NaCl indicated the myofibrillar proteins were concentrated. According to Hultin et al. (2005) salt soluble proteins are defined as proteins those are soluble in salt concentrations greater than 0.3M, with or without pH adjustment or the presence of components such as magnesium ion and ATP. This 3% NaCl solution used in protein solubility analysis was equal to about 0.5M.
During washing processes, NaHCO 3 and sodium phosphate buffer caused partially solubilization of myofibrillar proteins (Bertram et al. 2008) . However, the solubilized myofibrillar proteins were washed away through dewatering by centrifugation. Therefore, their protein solubility is lower than tap water-washed and NaCl solution-washed meat. Protein solubility is positively correlated with gel hardness, chewiness, cohesiveness (R 2 =0.743, 602, and 625 respectively; significant at the 0.01 level), gel strength and breaking force (R 2 =526 and 575 respectively; significant at the 0.05 level).
Texture profile analysis of cooked surimi gels Results of the texture profile analysis of cooked gels made from unwashed and washed meats are shown in Table 4 . Meat washed three times with tap water or three times with NaCl had the highest hardness values, and these values were not significantly different. All washed meat had higher values of chewiness and cohesiveness than unwashed meat, and meat washed with tap water had the highest values for chewiness and cohesiveness among the washing solutions tested. Because washing made the hardness values high, the values for chewiness were high as well. These texture profiles of washed meat were mostly higher compared to the value of gel strength analysis results. This result had been confirmed by Lee and Chung's work (1989) on fish surimi made from several species. Hardness, chewiness and cohesiveness had positive correlation with gel strength (R 2 = 0.716, 0.663, and 0.778 respectively, significant at the 0.01 level).
The springiness values of washed meat were lower than those of unwashed meat, which means that unwashed meat maintained the food's height after the first compression better than washed meat. This study obtained higher improvement on texture profiles compared to the surimilike materials made with acid and alkaline solubilization methods (Nurkhoeriyati et al. 2011; James and DeWitt 2004) . According to Lee and Chung (1989) , this texture profile analysis with compression method is more useful in assessing the overall binding (cohesive) properties of surimi, while the penetration test, which obtained the value of gel strength and breaking force, is better for assessing density and compactness. Park and Lin (2005) stated among the properties related to surimi, gel strength is the primary interest in surimi production and trade.
Microstructure
Cooked gels from unwashed meat had a coarse and porous structure due to protein aggregation (Fig. 1) . Meat proteins connected and made fibrous matrix while gelation process occurred. Scattered pores with different size and depth described the remaining trapped water in Fig. 1 Microstructure of cooked gels from a unwashed, b tap water-washed, c NaCl-washed, d NaHCO 3 -washed and e sodium phosphate buffer-washed meat (magnification 50×) the cooked gels. Water holding capacity of meat is related to the microstructure. The water is trapped within the meat by capillary action which is generated by small pores or capillaries. During processing and heating, meat proteins were rearranged and aggregated which resulted in a three-dimensional lattice protein formation (Han et al. 2009 ). A bright, whitish color and wet-look surface was resulted from intact amount of fat in the cooked gel. Microstructure of tap water-washed meat cooked gels showed some concentrated dense area which was formed by myofibrillar proteins gel networks and resulted in improved breaking force and gel strength. Some larger size, deep and localized pores were produced as influences of encapsulated capillary water (Yang and Froning 1992) . This represents a condition of higher water holding capacity of meat. Whitish surface area was diminished as the fat content of tap water-washed meat was reduced. Smaller sizes of fat globules are still remained after the washing processes. Cooked gels from NaCl solution-washed meat showed similar dense structures with tap water-washed meat. The larger and deeper pores appeared as an outcome of held water within the cooked gel networks. Upon heating during gelation process, proteins were denatured and hydrophobic surfaces were exposed which led protein to release the water (Bertram et al. 2008 ). Only few amounts of fat globules are left on the gel surface.
SEM observation for cooked gels of washed meat with NaHCO 3 showed abundant pores of coarse structure with numerous air pockets. It can be related to their high water holding capacity which can immobilize water. Furthermore, carbon dioxide was formed from bicarbonate during heating hence it made the air pockets (Sultana et al. 2008) . This porous structure of cooked gels effected lower gel strength and breaking force.
Cooked gels of washed meat with sodium phosphate buffer showed similar structure, coarse and abundant pores as a result of high water holding capacity then caused the lower gel strength and breaking force on textural properties. NaHCO 3 and sodium phosphate buffer solutions-washed meat contain more widely distributed pores on the gel structures rather than tap water and NaCl solutions-washed meat. Within the meat protein structures, water molecules are bound by noncovalent bond such as hydrogen bonds. Every single molecule of proteins has various electric dipoles which easily forms hydrogen bonds with water molecules. Therefore, the existing of bicarbonate or phosphate in meat proteins would expand the exposed surfaces of macromolecules which resulted in more water molecules held within meat protein structure (Bertram et al. 2008) .
Conclusion
Functional properties of mechanically deboned duck meat can be improved by processing it into surimi-like material. Washing the meat three times was sufficient to remove the fats, maintain the proteins, and obtain high values of functional and textural properties. Among the washing solutions tested, washing with tap water achieved the highest gel strength, hardness, cohesiveness, and chewiness; moderate increases in WHC, pH, , protein solubility, lightness, and whiteness; and left a small amount of fat. These results show that surimi-like material from mechanically deboned duck meat can be used as an ingredient in processed poultry products.
